The penetrating radiation observed in the air over the soil surface is coming partly from the active substances in the upper layer of the Earth's surface as well as from their disintegration products, and partly from outside the soil.
The penetrating radiation originated from outside the soil is due at least in part to the transformation products of the radioactive elements of the air.
The radiation originating from the soil changes from place to place with the changes of the soil nature, in proportion to the content of active materials; in the same place, it may be reduced with an increase on the permeability of the upper layers, for example because of rainfall, but, for a dry soil, it should remain approximately constant.
The radiation originating from outside the soil varies with the atmospheric variations, being influenced by winds, rainfalls, modifications of the electric fields of the Earth; all these reasons can determine the accumulation of the active materials inside the lower layers of the air and the upper layers of the soil.
Many investigators, studying this phenomenon, have noticed considerable variations. For example, the author has found in Sestola in 1908 that the penetrating radiation entailed ionization rates from 6 to 30 ions per cm 3 per second 9 . Similarly Mache, 10 in his experiments conducted in Innsbruck from October 1st 1907 to October 15th 1908, reached the conclusion that the penetrating radiation due to the active substances in the air, or fallen from the air on the soil, may be 4 times greater than that coming the soil itself.
Up to now, the results obtained show that if one measures the penetrating radiation in a place, with no influences from atmospheric variations or electric fields, where the soil is relatively rich in active substances, the importance of the soil and of the walls is predominant, with only minor variations in the series of values recorded. Conversely, if one performs the same measurement in a place, like Sestola, highly exposed to meteorological perturbations and variations of the electric potential, a larger variability of the penetrating radiation values is expected.
However, according to Wulf and Kurz, most of the radiation observed in air near the ground would be due to active substances of the surface layer and the radiation that does not come from inside the ground would be negligible compared to the other. The conclusion of Wulf's work are:
1. The penetrating radiation is caused by primary radioactive substances lying in the uppermost layers of the Earth extending down to about 1 m below the surface.
2. The fraction of the radiation stemming from the atmosphere is so small that is impossible to be detected by the methods that have been used.
3. The time fluctuations in the γ radiation can be explained by displacements of emanation-rich air masses under the surface of the Earth at larger or smaller depths.
We see then that the results of experiments in Sestola, in Innsbruck and elsewhere are not in agreement with the conclusions of Wulf 11 and Kurz 12 . It is therefore necessary to do more research to see if the variable part of the penetrating radiation, that can sometimes take significant values, is really due to active substances contained in the soil, or whether its origin should be searched, at least in part, outside the soil.
These facts suggested to conduct some experiments on media capable to absorb γ radiation from the soil; for this purpose, I performed the series of observations at the surface of the sea, which will now be discussed.
The experiments were made in Livorno, at the Naval Academy, with two Wulf's devices.
13 Such equipments, besides their low capacity (the ones I have used had capacities of 1.2 cm and 1.38 cm respectively) have the advantage to enable detecting possible losses caused by insulation faults.
Comparison between the indications of the two devices
The two devices I used will be designated by the letters A and B. I should note that the thickness of the walls of the device A is larger than B. The loss ∆V i due to isolation faults varied from a negligible amount, to 0.3 V per hour; only exceptionally it has reached 0.5 V. The first observations were made at the meteorological observatory of the Naval Academy. Denoting by ∆V the potential drop in volt per hour, we find that the mean of observations made with the device A (∆V − ∆V i ) is of 16.3 volt per hour, while the device B gives for (∆V − ∆V i ) the value of 25.4 V/h. These two numbers correspond, respectively, to 14.6 and 25.8 ions per cm 3 per second. From this value one must subtract the amount of ions which, as it will be discussed below, may be due to the direct action of the walls of the device; as a result I found: n = 14.6 − 4.7 = 9.9 ions per cm 3 and per second with device A n = 25.8 − 11.0 = 14.8 ions per cm 3 and per second with device B .
Some measurements with both devices were then performed in the garden of the Naval Academy.
The Academy is on the seaside. The building has on the land side a garden where I placed the two devices protected from the direct radiation from the Sun. These observations allowed me to assess how the two devices behave when placed in the same conditions. The experiments were continued for 10 days and measurements were made with each device every hour, from 7am to 8pm.
Figure 1
The diagram in Figure 1 displays the averages obtained taking into account all observations, and shows the time dependence of the phenomenon of penetrating radiation into this place during the 10 days in which observations were performed. The same diagram allows us to compare the indications of the two devices operating simultaneously in the same conditions.
If we consider the complexity of the phenomenon studied, that is influenced, as we know, by the device itself, we conclude that both devices follow, with sufficient agreement, the variations of the penetrating radiation the atmosphere.
To see how much of the observed ionization may be attributed to radiation coming from outside, it is necessary to minimize the action of external agents and to do this the two devices were placed in various locations, shielded by thick lead walls. They were exposed to the sea and on the Bracciano Lake at a distance from the shore large enough to totally exclude the action of the soil by the air layer interposed, and with a depth of the water large enough that the action of the sea (lake) bed was negligible. Furthermore the device A was immersed in the water of the Bracciano lake. However the absorbing layers were not successful in reducing the internal ionization below the smallest values obtained in the series of experiments on the surface of the sea.
The minimum value for (∆V − ∆V i ) obtained on the sea with the device A, was of 5.3 V, which is equivalent to 4.7 ions per cm 3 per second. The device B measured a minimum of 10.7 V, i.e., 11.0 ions per cm 3 per second. We can therefore say that the walls of the device A generate by themselves at most 4.7 ions per second per cm 3 of air contained within in device, and the walls of device B at most 11. The differences between the results of isolated observations and and the numbers above can be attributed to the action of penetrating γ radiation from outside and to the action of secondary radiation generated by the first interacting with the walls of the device.
From the experiments done in the garden of the Academy, it follows that the device provides a minimum of 6.5 ions, a maximum of 16.6 and an average of 14.6 per cm 3 per second. Subtracting the 4.7 ions that we assume to be due to the walls, we have for the device A on the ground: Minimum: 1.8 ions per cm 3 and per second; Maximum: 11.9 Average:
6.9
and for the device B also on the ground:
Minimum: 3.6 ions per cm 3 and per second; Maximum: 25.8 Average:
14. 1 We see that for the first unit the oscillations of the values of the penetrating radiation over the ground are such that the minimum is 26% of the average and the maximum is 172% of the same average.
For the second device, the minimum is 25% of the average value and the maximum is 169%.
We can thus conclude that both devices operating simultaneously on the ground showed some oscillations in the values of the penetrating radiation that are in a great approximation of the same magnitude.
Observations on the sea
With one device (device B), we continued our observations in the garden of the Academy. The other (A) was put on a dinghy of the Navy and protected from direct radiation of the Sun. The dinghy was anchored at more than 300 meters from shore, a distance capable to reduce to a fraction of less than 4 per 100 14 the radiation coming from the mainland; as at the point chosen for anchoring the depth of the sea was beyond 4 meters, the radiation from the seabed was completely absorbed
15 . This first series of observations spanned nine days between August 3 and August 19. Because of unavoidable circumstances, bad weather in particular, we had to suspend the tests for a few days.
The result of this series of observations was that the device A measured a minimum of 4.7 ions, a maximum of 15.2 and an average of 8.9.
Since the minimum of 4.7 is compatible with the radiation from the walls, we find that: Considering together the data a and a we see that the maximum value obtained on the sea is 255% of the average, and the maximum value obtained simultaneously on land is 155% of the average.
Conclusion: while both devices showed on the ground the same oscillations of the penetrating radiation, now the device A shows oscillations that are clearly larger than those measured in the same time on the ground using the device B.
From August 20 to August 26 the position of the devices was exchanged: B was transferred on the sea and A in the garden of the Academy. The device B on the sea measured a minimum of 11.0 ions, a maximum of 20 and an average of 19.4, and assuming that 11 ions are due to the device itself, we find that: In average the unit B measures on the land 5 ions more than on the sea. Considering all the data b and b we see that the maximum obtained at sea is 178% of the average value, the maximum obtained in the same time on the land being 172% of the corresponding average. This second series of experiments indicates that the penetrating radiation on the sea undergoes oscillations that are at least of the same order of magnitude as on the land.
About the evolution of the phenomenon on the sea surface and on the land, I notice that, when the two devices operate on the land under the same conditions, Figure 1 reveals for both the same trend of the penetrating radiation during the ten days of observation, and it would be of great interest to compare the trend on land and sea; it would be sufficient to compare the series of observations made on the sea with the series on the land during the same period. But it is clear that in order to show the existence of a possible correlation, it is necessary to do a long series of measurements in order to reduce the errors due to unavoidable local influences, determined by many occasional causes, to a minimum. The winds that can transport variable amounts of active material in the vicinity of the devices, the location of the instruments, the holders and the shelters can be sources of error. On the sea, at a suitable distance from the shore, these sources of error can be reduced; in any case, to make a significant comparison, a period of time longer than that I dedicated to the experiment would be needed.
However, I plotted the results of the observations made on the sea with the device A, and on the land with the device B, for the first and longest series of measurements made simultaneously at the sea surface and on land of from 3 to 19 August. The diagram in Figure 2 was constructed taking in account the mean values at every hour. Apart from the very high value obtained between 7:00 and 8:00 am on the land with device B, a correlation between the two trends can be perceived. But I repeat that for deciding on this question, a longer series of observations would be necessary. We now want to suggest a possible explanation of the noticeable oscillations observed at the sea surface. The radiation observed on the sea, as far as we know, can not be attributed to the active materials in the air and to the products of disintegration of the radioactive emanation contained in the sea, products whose action on the surface could, as noted by Kurz, be spread in a more effective way due to the effect of the sea waves. We found however from our observations, that there is no relationship between the state of the sea and the value of the penetrating radiation, so we do not have any evidence to attribute oscillations of this magnitude to the decay products of radioactive emissions released into the sea by the effect of waves.
About this result, I should recall another result that I have obtained in the Gulf of Genova 16 , whre, studying the ionization on the open sea, I found that often such ionization was relatively low in rough sea conditions. During the days in which the experiment was performed, the prevailing winds blew from the west, that is to say, from the sea; there were anyway also observations made under winds from the coast.
An examination of the results shows that with low or very low winds from the coast, the values of the penetrating radiation tend to be below the average, and that with moderate winds from the sea there is also a predominance of values below the average.
Note that no observations were made in presence of strong winds. Moreover, when observations were suspended because of atmospheric disturbances, violent sea winds were often blowing. Sometimes the observations began few hours or even few moments after the wind had stopped, and one can assume in such conditions that the physical properties of air, at least at the sea surface, must be influenced for a certain amount of time by the conditions determined by the winds that previously had blown so violently. A long series of measures would be required to determine if on the sea, at a certain distance from shore, a difference of action related to the difference of the wind direction and speed exists.
Summary
1. The number of ions due to penetrating radiation on the sea is estimated to be 2/3 of that on the ground, and consistent values for this ratio have been measured using two different devices.
2. Under the experimental conditions described in this work and according to the measurements provided by the device B, whose walls have a thickness suitable to allow the passage of the largest part of highly penetrating radiation, the number of ions generated per cm 3 per second by this radiation at the sea surface, is smaller by 5 ions with respect to the average value observed on land. We assumed for the charge of the ions the new value e = 4.65 × 10 −10 U.E.S.
3. The penetrating radiation on the sea at a distance of more than 500 meters from shore with water depths larger than 4 meters, under conditions that allow to neglect the radiation from the soil, undergoes oscillations that are at least of the same order of magnitude than observed at the same time on the ground.
4.
As no relationship appears to exist between the state of the sea and the action of gamma rays, we cannot attribute the oscillations of the radiation level to decay products of emanations that could possibly be released from the water with larger intensity, according to the intensity of the sea waves related to storms.
5. During the experiments, the winds blowing were generally weak and came from the sea; the data collected do not allow establishing whether a relationship exists between the penetrating radiation and the wind's speed and direction.
These results agree with those obtained by the author in Sestola and later by Mache in Innsbruck: in the air at the sea surface, as well as on the rocks of the Apennines near Modena, I found that the penetrating radiation may undergo large oscillations from relatively high values to so small values that they could be attributed almost entirely to the action of the walls of the device. Large oscillations occur near the rocks of the mountains, on the air above the sea, and on the ground, where the ionization produced by radiation is larger because of the direct action of active substances from the soil. The number of ions due to penetrating radiation on the sea being the 2/3 of those on land, we can explain the relatively high value of the ionization of the free atmosphere at the surface of the sea
17 . An important question remains open, since our knowledge of the quantity of active substances in sea water and air does not allow us to explain the large values found for the penetrating radiation on the sea, 18 nor on the mainland (Gockel's balloon measurements 19 and Wulf's measurements on the Eiffel Tower 20 ) at a sufficient height that one can neglect the action of the active substances form the soil. Anyway such results seem to indicate that a substantial part of the penetrating radiation in the air, especially the one that is subject to significant oscillations, has an origin independent of the direct action of active substances in the upper layers the Earth's crust.
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